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Introduction {#sec005}
============

Corneal endothelial keratoplasty (EK), i.e., replacing only the posterior layer of the cornea, has been established as the standard treatment for corneal endothelial dysfunction. Descemet stripping automated endothelial keratoplasty (DSAEK) and Descemet membrane endothelial keratoplasty (DMEK) are the two main methods for EK and are superior to full-thickness transplantation (penetrating keratoplasty; PKP) in terms of faster visual recovery and lower graft rejection rates \[[@pone.0234202.ref001]\]. DMEK replaces only a thin layer, including the Descemet's membrane, and is characterized by a markedly excellent visual outcome and low rejection rates \[[@pone.0234202.ref002]\]. Therefore, the number of DMEK procedures performed has increased in Western countries, particularly, in patients with Fuchs endothelial corneal dystrophy (FECD).

DMEK should be an ideal treatment for endothelial dysfunction; however, a potential drawback is the relatively large decrease in endothelial cell density (ECD) postoperatively, which is similar to PKP \[[@pone.0234202.ref001]--[@pone.0234202.ref003]\]. This decrease in ECD after corneal transplantation has been reported to be prominent in patients with a history of glaucoma surgery, graft rejection, and iris damage \[[@pone.0234202.ref004]--[@pone.0234202.ref008]\]. As an indication, FECD and bullous keratopathy (BK) account for approximately 49% and 17% of endothelial keratoplasty cases in the United States of America, respectively \[[@pone.0234202.ref009]\]. In the Netherlands, FECD and BK account for approximately 85% and for 10% of DMEK cases, respectively, and the number of EK procedures has been reported to be increasing \[[@pone.0234202.ref010],[@pone.0234202.ref011]\]. In contrast, BK is the leading reason for endothelial keratoplasty in Asian countries, including Japan \[[@pone.0234202.ref012],[@pone.0234202.ref013]\].

Although endothelial survival after DMEK has been reported to be worse in patients with BK than in those with FECD \[[@pone.0234202.ref010],[@pone.0234202.ref014]\], this aspect has never been evaluated in detail, and the outcomes after DMEK in patients with BK warrant further evaluation. Herein, we investigated the clinical outcomes of DMEK and the factors that influence them in Asian patients with BK.

Methods {#sec006}
=======

Study design {#sec007}
------------

This retrospective, multi-center study was approved by the institutional review board of Jichi Medical University (JICHI 19--034) and adhered to the tenets of the Declaration of Helsinki. The study procedures followed all institutional guidelines and all patients provided informed consent before the procedures were performed.

Analysis of clinical date {#sec008}
-------------------------

This retrospective multi-center study included 72 eyes of 72 patients with corneal endothelial dysfunction treated at Yokohama Minami Kyosai Hospital, Kanazawa University, and Hart Life Hospital in Japan, between January 2016 and March 2018. In patients with cataract, phacoemulsification, and intraocular lens (IOL) implantation, surgery was performed 1 month prior to DMEK. All patients underwent DMEK with either 100% air or 20% sulfur hexafluoride (SF~6~) as the anterior chamber (AC) tamponade. After 2016, we switched from air to SF~6~ gas. DMEK was performed by three different surgeons (H.T., I.O., and K.A.), as previously reported \[[@pone.0234202.ref012]\]. Stripping was performed in the area 0.25--0.5 mm larger than the graft size. Most of the grafts were 7.75--8.25 mm. The inclusion criteria were those used for DMEK, and the follow-up period was \> 12 months. The exclusion criteria were prior corneal surgery or FECD. All patients were of Asian (Japanese) ethnicity. There were no patients with anterior chamber IOL, and those who underwent pars plana vitrectomy and scleral fixation were included in this study. Those who underwent glaucoma surgeries were excluded.

All donors were obtained from Cornea Gen (<https://corneagen.com/>), preserved in Optisol (Chiron Ophthalmics, Irvine, California) and pre-stripped. The storage time was approximately 7 days, on account of the shipping time.

All patients attended the follow-up visits as per standard protocols. The evaluated parameters included the preoperative corneal diameter; graft size; postoperative (1, 3, 6, and 12 months) best corrected visual acuity (BCVA); central corneal thickness (CCT); corneal endothelial cell density (ECD); axial length (AXL); and gas volume in the AC on postoperative day 1.

Additional parameters assessed were the iris damage scores before DMEK, age, sex, preoperative visual acuity, re-bubbling, and ECD-loss rates at 12 months postoperatively. BCVA was measured as decimal visual acuity and converted to logarithm of the minimum angle of resolution (logMAR) units for statistical analysis.

The iris damage score was defined as laser iridotomy, iris depigmentation, or iris defects due to intraocular surgeries before DMEK, and were classified into 5 grades \[[@pone.0234202.ref008]\]. Briefly, grade 0 indicated no damage; grade 1, iris damage limited to a single quadrant; and grades 2, 3, and 4, notable damage in two, three, and four quadrants, respectively.

CCT was measured by anterior segment optical coherence tomography (AS-OCT) (SS1000, Tomey Corporation, Aichi, Japan) and evaluated by a corneal specialist (H.T). ECD was evaluated using a specular microscope (FA3509; Konan Medical Hyogo, Japan); AXL was measured by optical biometry (IOL Master 500, Carl Zeiss Meditec, Oberkochen, Germany).

Graft to corneal area ratio {#sec009}
---------------------------

The mean horizontal and vertical diameters of the cornea (white-to-white) were recorded. The area of the cornea was obtained as the area of a circle using the mean value as the diameter. Previous reports on DSAEK showed a strong correlation between arc length parameters and corneal diameter \[[@pone.0234202.ref015]\]. [Fig 1](#pone.0234202.g001){ref-type="fig"} shows the graft diameter (r) and host corneal diameter (R); the ratio of graft to cornea area was obtained as (r^2^/R^2^).

![The ratio of graft to cornea area.\
The area ratio is the square of the ratio of the host corneal diameter to the graft diameter.](pone.0234202.g001){#pone.0234202.g001}

Statistical analyses {#sec010}
--------------------

Statistical analyses were performed using JMP Pro software version 14.0.0 (SAS Institute, Cary, NC, USA). Associations between pre-existing characteristics and ECD loss rates 12 months after DMEK were examined using a regression line, multivariable regression analysis. Multivariate analysis was performed using ECD loss rates at 12 months after DMEK, age, AXL (mm), iris damage before DMEK, type of filling gases used, use of re-bubbling, preoperative BCVA, donor ECD, preoperative CCT, amount of the gases used in the AC, and the ratio of graft to cornea area as explanatory variables. Statistical significance was defined as *P \<* 0.05.

Results {#sec011}
=======

Patient characteristics {#sec012}
-----------------------

[Table 1](#pone.0234202.t001){ref-type="table"} summarizes the characteristics of patients who underwent DMEK in the current study. Most patients were older, and less than a third were male. Air or SF~6~ was injected into the AC of 50 and 22 eyes, respectively. There was no statistically significant correlation between those who received air and those who received SF~6~ in terms of postoperative BCVA, ECD loss rates at 12 months after DMEK, or re-bubbling rate (*P* = 0.52, *P* = 0.29, and *P* = 0.85, respectively).

10.1371/journal.pone.0234202.t001

###### Characteristics of patients.

![](pone.0234202.t001){#pone.0234202.t001g}

  Recipient characteristics                                     Eyes            
  ------------------------------------------------------------- --------------- --------------------
  N                                                             72              
  Age (years), mean ± SD \[range\]                              74.5 ± 8.2      \[44--89\]
  Male, n (%)                                                   19 (26.4%)      
  Preoperative BCVA (LogMAR), mean ± SD \[range\]               0.90 ± 0.47     \[0.0458--2\]
  Postoperative BCVA (LogMAR), mean ± SD \[range\]              0.073 ± 0.13    \[-0.0792--0.523\]
  Donor ECD (cells/mm^2^), mean ± SD \[range\]                  2715 ± 231      \[2020--3313\]
  ECD 12 months after DMEK (cells/mm^2^), mean ± SD \[range\]   1246 ± 478      \[363--2519\]
  ECD-loss rates (%), mean ± SD \[range\]                       54.4 ± 16.1     \[15.1--86.1\]
  Axial length (mm), mean ± SD \[range\]                        23.2 ± 1.69     \[21--31.6\]
  Corneal diameter (mm), mean ± SD \[range\]                    11.0 ± 0.58     \[10--13\]
  Graft Size (mm), mean ± SD \[range\]                          7.87 ± 0.49     \[5--8.5\]
  Graft to corneal area ratio, mean ± SD \[range\]              0.514 ± 0.067   \[0.207--0.625\]
  Air, n (%)                                                    50 (69.4%)      
  Re-bubbling (+, \[%\])                                        9 (12.5%)       
  Preoperative CCT (μm), mean ± SD \[range\]                    712 ± 94.0      \[501--956\]
  Iris damage scores before DMEK, mean ± SD \[range\]           1.44 ± 0.82     \[0--4\]

BCVA: best corrected visual acuity, ECD: endothelial cell density, DMEK: Descemet membrane endothelial keratoplasty, CCT: central corneal thickness

No eyes showed signs of pupillary block, microbial infection, endothelial rejection, folding, or overlapping. Partial detachment of the graft, requiring re-bubbling into the AC, was observed in 9 eyes within 7 days of DMEK; the graft showed complete attachment immediately after re-bubbling in all eyes. There was no primary graft failure.

The BCVA improved significantly from 0.90 ± 0.47 preoperatively to 0.073 ± 0.13 at 12 months postoperatively (*P* \< 0.001).

Factors associated with ECD survival rates {#sec013}
------------------------------------------

The mean donor ECD and the ECD at 12 months after DMEK were 2715 ± 231 cells/mm^2^ and 1246 ± 478 cells/mm^2^, respectively. The mean ECD-loss rate at 12 months after DMEK was 54.4 ± 16.1%. Univariate linear regression analysis revealed that graft size (*P* = 0.0053) and graft to corneal area ratio (*P* \< 0.001) associated significantly with ECD-loss rates. ([Table 2](#pone.0234202.t002){ref-type="table"}) Multiple linear regression analysis also identified the larger graft to corneal area ratio (*P* = 0.0061) and higher donor ECD (*P* = 0.042) to be associated with the lower ECD-loss rates ([Table 3](#pone.0234202.t003){ref-type="table"}, Figs [2](#pone.0234202.g002){ref-type="fig"} and [3](#pone.0234202.g003){ref-type="fig"}).

![ECD after 12 months vs. donor ECD.\
Scatter plot showing that higher donor ECD is significantly associated with higher ECD after 12 months (*P* \< 0.001).](pone.0234202.g002){#pone.0234202.g002}

![ECD loss rates after 12 months vs. the ratio of graft to cornea area.\
Scatter plot showing that the lager ratio of graft to the cornea is significantly associated with lower ECD loss rate after 12 months (*P* \< 0.001).](pone.0234202.g003){#pone.0234202.g003}

10.1371/journal.pone.0234202.t002

###### Effect of the factors associated with ECD loss rate after DMEK from univariable analysis.

![](pone.0234202.t002){#pone.0234202.t002g}

  ------------------------------------------- ------------------ ------------------------ ---------------
  **Regression analysis**                     **Estimate**       **95% CI**               ***P*-value**
  **Age (years)**                             -0.0030            \[-0.0076, 0.0017\]      0.20
  **Axial Length (mm)**                       0.011              \[-0.015, 0.030\]        0.51
  **Preoperative CCT (μm)**                   0.00026            \[-0.00014, 0.00067\]    0.20
  **Preoperative BCVA (LogMAR)**              0.054              \[-0.27, 0.13\]          0.18
  **Donor ECD (cells/mm^2^)**                 -0.00015           \[-0.00031, 0.000015\]   0.075
  **Graft size (mm)**                         -0.11              \[-0.18, -0.033\]        0.0053
  **Amount of Air in the AC**                 -0.18              \[-0.50, 0.13\]          0.24
  **Iris damage**                             0.046              \[-0.0000096, 0.091\]    0.051
  **The ratio of graft to cornea area (%)**   -0.0093            \[-0.015, -0.004\]       0.0009
  **One-way ANOVA**                           **Mean Squares**   **F ratio**              ***P*-value**
  **Sex (female)**                            0.018              0.69                     0.41
  **Air or Gas (Air)**                        0.029              1.1                      0.29
  **Re-bubbling (+)**                         0.0061             0.22                     0.63
  ------------------------------------------- ------------------ ------------------------ ---------------

ECD: endothelial cell density, DMEK: Descemet membrane endothelial keratoplasty, CCT: central corneal thickness, BCVA: best corrected visual acuity, AC: anterior chamber

10.1371/journal.pone.0234202.t003

###### Effect of the factors associated with ECD loss rate after DMEK from multiple liner regression analysis.

![](pone.0234202.t003){#pone.0234202.t003g}

                                              Estimate   95% CI                     *P*-value   VIF
  ------------------------------------------- ---------- -------------------------- ----------- ------
  **Age (years)**                             -0.00023   \[-0.0052, 0.0047\]        0.93        1.33
  **Sex (female)**                            0.032      \[-0.013, 0.076\]          0.16        1.25
  **Axial Length (mm)**                       0.014      \[-0.013, 0.040\]          0.30        1.60
  **Preoperative CCT (μm)**                   0.00013    \[-0.00035, 0.00060\]      0.60        1.59
  **Preoperative BCVA (LogMAR)**              -0.014     \[-0.11, 0.083\]           0.77        1.69
  **Donor ECD (cells/mm^2^)**                 -0.00017   \[-0.00034, -0.0000064\]   0.042       1.17
  **Air or Gas (Air)**                        0.011      \[-0.036, 0.058\]          0.63        1.53
  **Amount of Air in the AC**                 -0.059     \[-0.38, 0.26\]            0.71        1.22
  **Re-bubbling (+)**                         0.022      \[-0.034, 0.077\]          0.44        1.11
  **Iris damage**                             0.026      \[-0.021, 0.074\]          0.28        1.22
  **The ratio of graft to cornea area (%)**   -0.00930   \[-0.0016, -0.0028\]       0.0061      1.51

ECD: endothelial cell density, DMEK: Descemet membrane endothelial keratoplasty, CCT: central corneal thickness, BCVA: best corrected visual acuity, AC: anterior chamber

Discussion {#sec014}
==========

The current study showed the clinical outcomes after DMEK for BK in Asian eyes. Postoperative BCVA was significantly improved over preoperative BCVA without serious complications. Multivariable analysis showed that a relatively larger graft to host corneal area ratio and better donor ECD were importance factors for ECD survival after DMEK in Asian eyes.

For the outcome of ECD 12-months after DMEK, the ECD loss rates were 54.4 ± 16.1%, which were relatively high. Although many studies have reported excellent endothelial outcomes after DMEK (ECD-loss rates of 20--40%), most assessed the outcome in patients with FECD; there have been few reports regarding the endothelial outcomes after DMEK for BK. The loss of ECD in eyes with BK in our study is consistent with that in a previous report from the Netherlands Institute for Innovative Ocular Surgery \[[@pone.0234202.ref014]\].

Previous studies have reported on the relationship between graft diameter and endothelial survival after DSAEK. Some reports have stated that a larger graft diameter and higher donor ECD were significantly associated with graft survival rates \[[@pone.0234202.ref008],[@pone.0234202.ref016]\]. In contrast, Schrittenlocher et al. reported that postoperative ECD was not significantly associated with DMEK graft diameters in the range of 8--10 mm in FECD eyes. \[[@pone.0234202.ref017]\]. Although many studies have evaluated graft size, no study has evaluated the ratio of graft to cornea area. We considered that since the corneal diameter varies; it is essential to evaluate the ratio of graft to cornea area. Interestingly, the multivariable analyses showed that a relatively larger ratio of graft to corneal area and higher donor ECD were important factors that determine ECD survival after DMEK for BK. Therefore, a larger graft diameter would possibly yield better endothelial outcome as theoretically, it might provide a higher ECD.

Although our results indicated that a larger graft size may be important for ECD survival, the question, "is larger better?" requires further consideration. When transplanting a larger graft, such as that in PKP, which includes more antigens, the incidence of graft rejection might be increased \[[@pone.0234202.ref018]\]. Using a larger graft may have a negative impact on re-bubbling rates because of overlap between the host Descemet's membrane and the graft. Furthermore, a larger graft requires more intricate surgical handling techniques, such as unfolding or insertion. Although our results indicated that a relatively larger ratio of graft to host cornea area was better for ECD survival, there should be a plateau ratio, over which ECD survival would worsen. We attempted to evaluate this by drawing quadratic approximate expressions on 12-month ECD loss vs. the ratio of graft to cornea area scatter plots; however, we were unable to determine the significant ratio. Further research is needed to validate whether a larger graft is better for ECD survival or if there is an ideal graft size. In fact, cases with a larger graft diameter may make transplantation impossible.

Since a previous study reported a strong correlation between the anterior chamber depth and AXL \[[@pone.0234202.ref012]\], we used AXL in our analysis. Although physical damage to the ECD is more likely to occur during operation in a shallow AC \[[@pone.0234202.ref019]\], our analysis did not identify AXL as a potential factor of ECD loss. Moreover, Varadaraj et al. \[[@pone.0234202.ref020]\] compared ECD in eyes with open angles and those with untreated angle closure disease. They reported that in terms of primary closure suspects, eyes with a shallow AC had lower ECD than eyes with open angles. Furthermore, during the 12-month observation period of our study, the endothelial survival rate seemed to be relatively higher in eyes with short AXL, shallow AC. Further investigation regarding the association between AC/AXL and endothelial ECD after DMEK is required.

A strength of the current study is that our cohort did not include patients with FECD. Although patients with BK should have few healthy endothelial cells in the peripheral cornea, most patients with FECD might have some healthy endothelium in the peripheral cornea \[[@pone.0234202.ref021]\]. This difference of healthy endothelium distribution between BK and FECD may be one of the reasons why the results of the current study differed from those of Schrittenlocher et al. \[[@pone.0234202.ref017]\]. Although detailed knowledge regarding the migration of corneal endothelial cell is lacking, it is considered that corneal endothelial cells close the wound gap mainly via migration and increased cell spreading \[[@pone.0234202.ref022]\]. The creation of a wound induces the release of chemical signals that enhance cellular motility near the wound site; cells at the wound extend towards the free surface, producing a traction force directed towards the wound \[[@pone.0234202.ref023],[@pone.0234202.ref024]\]. In FECD eyes with a peripheral rim of healthy endothelial cells, it has been shown that these healthy endothelial cells can be exploited to repopulate the centrally diseased endothelium either by migration or proliferation \[[@pone.0234202.ref025]\]. Further, a previous study suggested the possibility of treating corneal endothelial diseases by simple Descemet stripping without endothelial keratoplasty (DWEK) \[[@pone.0234202.ref026]\]. These studies suggest that healthy peripheral endothelium can migrate from the host cornea itself and be endothelialized. Another interesting study showed that adult endothelial cells were able to migrate in the human eye, supporting that endothelial cell in the donor graft can migrate toward the periphery of the host cornea \[[@pone.0234202.ref027],[@pone.0234202.ref028]\]. The transplanted endothelium should compensate for the denuded area by migrating to the peripheral area ([Fig 4](#pone.0234202.g004){ref-type="fig"}) \[[@pone.0234202.ref028],[@pone.0234202.ref029]\]. Thus, the decrease in ECD after DMEK could be attributed to the distribution of endothelial cells to the peripheral area, especially in BK eyes, although other factors could also play a role. In addition to the fact that the AC is shallow in the eyes of Asian individuals, this difference in distribution and the tendency for endothelial cell migration might cause relatively greater ECD loss in the present study as compared to that reported previously. Therefore, a relatively larger graft could be essential for ECD survival after DMEK for BK in Asian eyes.

![The difference in the contribution of endothelial cell density (ECD) between Fuchs' endothelial corneal dystrophy (FECD) and bullous keratopathy (BK).\
In BK, healthier endothelial cells supplied from the graft migrate to, and replace, the dysfunctional peripheral endothelium than in FECD.](pone.0234202.g004){#pone.0234202.g004}

Despite its limitations of being a retrospective study in a small number of patients, this study employed a precise and novel evaluation strategy using the larger ratio of graft to host cornea area. Although our sample size was small (72 eyes), no previous study has reported the outcomes of DMEK for BK in a larger sample to date.

In conclusion, the current study identified that a larger ratio of graft to cornea area is important for endothelium survival after DMEK in patients with BK. Moreover, higher donor ECD is important for endothelium survival. Thus, we suggest that surgeons should attempt to use relatively larger graft sizes when performing DMEK for patients with BK, particularly in Asian eyes.
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Reviewer \#2: Interesting, well written and well conducted study on the risk factors for EC loss after DMEK for bullous keratopathy in Asian eyes. Not much is known about that yet.

Major comments

-Discussion: how do authors explain the relatively high EC loss rates after 12 months? Axial length seems to be within comparable rates? Please give AC-Depth in Table 1.

-Does AC depth correlate with EC loss?

-149: How do you explain absent beneficial effect of SF6 use on detachment rates in you cohort in contrast to what is published?

-259: how did you calculate the optimal ratio of 65%?

-Discussion: when comparing your data with the Schrittenocher paper: please also give the absolute diameters you used in mm.

-Figures: please better support your migration concept with ref. from the literature.

Minor comments

-Numerous spelling errors in the references need to be corrected. Some grammar and spelling errors in the text need correction.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1: This study evaluated parameters associated with 12-month endothelial cell loss in Japanese eyes treated with DMEK for bullous keratopathy.

1\. Introduction, line 66: please use data from the more recent 2018 EBAA report instead of the 2015 report.

� Thank you for pointing this out. We have rechecked the report from EBAA and other reports, and subsequently corrected the description as follows: (Line 65--70)

"As an indication, FECD and bullous keratopathy (BK) account for approximately 49% and 17% of endothelial keratoplasty cases in the United States of America, respectively \[9\]. In the Netherlands, FECD and BK account for approximately 85% and for 10% of DMEK cases, respectively, and the number of EK procedures has been reported to be increasing \[10,11\]."

2\. In Table 1, please report the minimum and maximum values for each parameter.

� Thank you for pointing this out. We have added the minimum and maximum values for each parameter in Table 1.

Recipient characteristics Eyes

N 72

Age (years), mean, ±SD, \[range\] 74.5 ± 8.2 \[44 -- 89\]

Male, n (%) 19 (26.4%)

Preoperative BCVA (LogMAR), mean ± SD \[range\] 0.90 ± 0.47 \[0.0458 -- 2\]

Postoperative BCVA (LogMAR), mean ± SD \[range\] 0.073 ± 0.13 \[-0.0792 -- 0.523\]

Donor ECD (/mm2), mean ± SD \[range\] 2715 ± 231 \[2020 -- 3313\]

ECD 12 months after DMEK (/mm2), mean ± SD \[range\] 1246 ± 478 \[363 -- 2519\]

ECD-loss rates (%), mean ± SD \[range\] 54.4 ± 16.1 \[15.1 -- 86.1\]

Axial length (mm), mean ± SD \[range\] 23.2 ± 1.69 \[21 - 31.6\]

Corneal diameter (mm), mean ± SD \[range\] 11.0 ± 0.58 \[10 -- 13\]

Graft Size (mm), mean ± SD \[range\] 7.87 ± 0.49 \[5 - 8.5\]

Graft to host cornea area ratio (%), mean ± SD \[range\] 51.36 ± 6.65 \[20.66 -- 62.52\]

Air, n (%) 50 (69.4%)

Re-bubbling (+, \[%\]) 9 (12.5%)

Preoperative CCT (µm), mean ±SD \[range\] 712 ± 94.0 \[501 -- 956\]

Iris damage scores before DMEK, mean ±SD \[range\] 1.44 ± 0.82 \[0 -- 4\]

3\. Please recheck all the citation numbers throughout the text, because many are wrong. For example, in line 201 the citation should probably be 12 instead of 15; in line 204 the citations should probably be 18,19 instead of 16,17; and in line 205 the citation should be 19 instead of 17.

� Thank you for pointing this out. We have rechecked all the citation numbers.

4\. Line 205 should note that the majority of patients in Schrittenlocher's study were treated for FECD.

� Thank you for pointing this out. We agree with your comment and have now added a description. (Line 211--213, 245--249)

"In contrast, Schrittenlocher et al. reported that postoperative ECD was not significantly associated with DMEK graft diameters in the range of 8--10 mm in FECD eyes."　

"Although patients with BK should have few functional endothelial cells in the peripheral cornea, most patients with FECD might have some healthy endothelium in the peripheral cornea \[20\]. This difference of healthy endothelium distribution between BK and FECD may be one of the reasons why the results of current study differed from those of Schrittenlocher et al."

5\. Line 259, please clarify what is meant by "may be better at least around 65%".

� Thank you for this comment. We evaluated the relation between 12-month ECD loss vs. the graft to host corneal area ratio, excluding the case of the lowest ratio of graft to the host cornea area (ratio = 20.7%). This figure is a scatter plot of 12-month ECD loss vs. the graft to host corneal area ratio showing a quadratic approximate expression (blue line) and a liner approximate expression (red line). Though there was not a significant association with a quadratic coefficient (p=0.35), this figure suggests that ECD might survive better at least around 60% to 65% of the ratio, especially in the BK eyes. Therefore, we stated that around 65% might be better. We have discussed this concept again with the co-authors, and have changed the description as follows. (line 226--232)

"Although our results indicated that a relatively larger ratio of graft to host cornea area was better for ECD survival, there should be a plateau ratio, over which ECD survival would worsen. We attempted to evaluate this by drawing quadratic approximate expressions on 12-month ECD loss vs. the ratio of graft to cornea area scatter plots; however, we were unable to determine the significant ratio. Further research is needed to validate whether a larger graft is better for ECD survival or if there is an ideal graft size."

6\. Please add 2 scatter plots, one showing 12-month ECD vs. donor ECD and the other showing 12-month cell loss vs. the ratio of graft to cornea area. These will help the reader better assess the clinical significance of these parameters.

� Thank you for this suggestion. We have added the two scatters plots. (Fig 2, Fig 3)

Reviewer \#2: Interesting, well written and well conducted study on the risk factors for EC loss after DMEK for bullous keratopathy in Asian eyes. Not much is known about that yet.

Major comments

-Discussion: how do authors explain the relatively high EC loss rates after 12 months? Axial length seems to be within comparable rates? Please give AC-Depth in Table 1.

-Does AC depth correlate with EC loss?

� Thank you for these comments. Our previous study\* showed that ACD was strongly associated with AXL, and there was no correlation between ACD and EC loss. Although some patients had records of ACD as well as AXL, we did not record ACD in all patients. Since our data set did not include ACD, it is impossible to evaluate the correlation. It will be essential to evaluate the association in a larger number of patients in the future.

\* Shimizu T, Hayashi T, Yuda K, Takahashi H, Oyakawa I, Yamazaki K, et al. Short axial length and iris damage are associated with iris posterior synechiae after Descemet membrane endothelial keratoplasty in Asian eyes. Cornea 2018; 37:1355-1359. <https://doi.org/10.1097/ico.0000000000001698>

-149: How do you explain absent beneficial effect of SF6 use on detachment rates in you cohort in contrast to what is published?

� Thank you for this question. In the current study, 9 cases needed re-bubbling. Six cases were injected air, 3 were SF6. Though there was no significant difference in the current study, we think this was because the number of eyes that required re-bubbling was small.

-259: how did you calculate the optimal ratio of 65%?

� Thank you for this question. We evaluated the relation between 12-month ECD loss vs. the graft to host corneal area ratio, excluding the case of the lowest ratio of graft to the host cornea area (ratio = 20.7%). This figure is a scatter plot of 12-month ECD loss vs. the graft to host corneal area ratio showing a quadratic approximate expression (blue line) and a liner approximate expression (red line). Though there was not a significant association with a quadratic coefficient (p=0.35), this figure suggests that ECD might survive better at least around 60% to 65% of the ratio, especially in the BK eyes. Therefore, we stated that around 65% might be better. We have discussed this concept again with the co-authors, and have changed the description as follows: (line 226--232)

"Although our results indicated that a relatively larger ratio of graft to host cornea area was better for ECD survival, there should be a plateau ratio, over which ECD survival would worsen. We attempted to evaluate this by drawing quadratic approximate expressions on 12-month ECD loss vs. the ratio of graft to cornea area scatter plots; however, we were unable to determine the significant ratio. Further research is needed to validate whether a larger graft is better for ECD survival or if there is an ideal graft size."

-Discussion: when comparing your data with the Schrittenocher paper: please also give the absolute diameters you used in mm.

� Thank you for this suggestion. We always determined the graft size depending on the host cornea. As shown in our data set, most of our grafts were 7.75--8.25 mm. We have added a description regarding the absolute diameter we used. (line 93--94)

"Most of the grafts were 7.75 -- 8.25 mm."

-Figures: please better support your migration concept with ref. from the literature.

� Thank you for this suggestion. As you mention, there are two possibilities of migration: migration from the host cornea, and from the donor cornea. We have added the references, and revised the manuscript according to your suggestion. (Line 249--263; references 21--28)

"Although detailed knowledge regarding the migration of corneal endothelial cell is lacking, it is considered that corneal endothelial cells close the wound gap mainly via migration and increased cell spreading \[22\]. The creation of a wound induces the release of chemical signals that enhance cellular motility near the wound site; cells at the wound extend towards the free surface, producing a traction force directed towards the wound \[23,24\]. In FECD eyes with a peripheral rim of healthy endothelial cells, it has been shown that these healthy endothelial cells can be exploited to repopulate the centrally diseased endothelium either by migration or proliferation \[25\]. Further, a previous study suggested the possibility of treating corneal endothelial diseases by simple Descemet stripping without endothelial keratoplasty (DWEK) \[26\]. These studies suggest that healthy peripheral endothelium can migrate from the host cornea itself and be endothelialized. Another interesting study showed that adult endothelial cells were able to migrate in the human eye, supporting that endothelial cell in the donor graft can migrate toward the periphery of the host cornea \[27,28\]."

Minor comments

-Numerous spelling errors in the references need to be corrected. Some grammar and spelling errors in the text need correction.

� Thank you for pointing this out. We have rechecked all the citation numbers and corrected the grammatical/spelling errors throughout the manuscript.
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